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(57)Abstract: 

PURPOSE: To provide a sound absorber which has an excellent 
sound absorbing effect, is applicable with small space volume 
particularly for preventing noises of low frequencies and is 
excellent in cost effectiveness by forming the sound absorber 
consisting of a porous molding of resin foamed particles having 
a peak frequency of a specific range. 

CONSTITUTION: This sound absorber is the porous molding of 
the resin foamed particles 1 having the peak frequency of sound 
absorptivity of >30% in a region of 100 to 3000Hz. The sound 
absorption characteristic of low-frequency tones degrades and 
such sound absorber is unsuitable if the peak frequency 
exceeds 3000Hz. The sound absorber having the peak 
frequency below 100Hz is hardly obtainable. The porous molding 
of the resin foamed particles 1 is integrally molded with many 
pieces of the resin foamed particles 1 by surface-to-surface 
joining in part of the adjacent particle surfaces and gap parts 2 
are formed among these particles. These gap parts 2 do not 
have a fixed shape in the thickness direction of the molding and 
exhibit an attenuation effect by multiple reflections and 

interference at the time the incident sound waves pass the sound ways. Then, the sound absorbing 
performance of the low-frequency region is enhanced, by which the space size necessary for 
soundproof installation including rear air layers is reduced. 
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* NOTICES * 

JPO and NCJPI are not responsible £or any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The absorption-of-sound object which consists of a porosity Plastic solid of the resin foaming 
particle which has the peak frequency of 30% or more of acoustic absorptivities in a 100-3000Hz frequency 
domain. 

[Claim 2] The absorption-of-sound object according to claim 1 which the porosity Plastic solid of a resin 
foaming particle carries out field junction in a part of particle front face where many of the resin foaming 
particle whose mean particle diameter is 1 .5-5. 5mm adjoins, and is characterized by having 15 - 40% of 
volume voidage, and unifying to the whole volume. 

[Claim 3] The construction approach of the absorption-of-sound object characterized by to install this 
absorption-of-sound object on the conditions with which it faces constructing the absorption-of-sound object 
which consists of a porosity Plastic solid of the resin foaming particle which has the peak frequency of 30% 
or more of acoustic absorptivities in a 100-3000Hz frequency domain, and sum [ of the meat thickness of 
this absorption-of-sound object and the thickness of a back air space ] d (m) and frequency [ of a noise 
source ] f (Hz) fills following the (1) type and (2) types. 
1.03-(l/d) 1.7<=f<-17.16-(l/d) 1.7 (1) 
100<=f<=285-(l/d) 0.48 (2) 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the absorption-of-sound object which used the resin 
foaming particle, and its construction approach. It is related with the absorption-of-sound object using a 
Plastic solid and its construction approach of a detailed resin foaming particle effective in the noise 
abatement of engineering works, construction, air-conditioning equipment, and an industrial device. 
[0002] 

[Description of the Prior Art] As a sound absorbing material, the energy of a sound vibrates air inside a 
pore-like ingredient, and various ingredients, such as a porous body using carrying out heat loss by friction 
with a pore intemal surface, a plate using changing into vibration of a plate and the film, a filmy body, and a 
perforated-panel object using a resonance phenomenon, are used. There is much the use at the point that the 
absorption-of-sound effectiveness is easy to be acquired especially, as for a porosity Plastic solid, i.e., the 
elasticity polyurethane foaming object which specifically has the fiber aggregates and open cell structures, 
such as glass wool and rock wool, or the porosity Plastic solid which hardened and calcinated the ceramic 
grinding particle. 

[0003] However, among these, since a ceramic porosity Plastic solid is disadvantageous the point on 
lightweight nature or a price, it is limited to the special application asked for an elevated temperature or the 
endurance on an environmental condition. Moreover, an elasticity polyurethane foaming object cannot 
acquire easily the absorption-of-sound effectiveness stabilized since the destructive condition of the cellular 
film changed with the manufacture conditions. Therefore, most generally the glass wool and rock wool 
which are excellent in cheap nature or lightweight nature are used widely. 

[0004] By the way, although it has the absorption-of-sound effectiveness which was excellent to loud sound, 
i.e., the sound of a high-frequency field, to bass, i.e., the sound of low frequency, such a porosity Plastic 
solid had the thin absorption-of-sound effectiveness, the large thickness of a sound absorbing material had to 
be taken, or could not but prepare the back air space greatly between the walls (it is hereafter called the rigid 
wall) and sound absorbing materials which reflect an acoustic wave, and could not but correspond to it. 
Usually, if a porosity Plastic solid is put on the place of the quarter-wave length of the noise from a rigid 
wall, the largest acoustic absorptivity will be obtained. For example, to the noise of 200Hz and lOOHz, the 
space thickness of 430 or 860mm is needed, respectively. Therefore, it was what needs the great space 
volume and fades in practicality as a cure against noise abatement of bass. 

[0005] On the other hand, in the fiber aggregates, such as glass wool, when there is a temperature gradient 
within and without a wall, the absorption-of-sound engine performance deteriorates by water absorption by 
the dew condensation phenomenon, and water absorption by invasion of storm sewage. Since it was still 
more flexible at these fiber aggregate itself, it was what has problems, such as it being necessary to perform 
attachment construction using subsidiary materials, such as a punching metal and a fixture, to construct in a 
desired configuration, and doing a bad influence harmful to the body according to inhalation in stimulating 
the skin moreover at the time of an activity ***♦. 
[0006] 

[Problem(s) to be Solved by the Invention] From the field of the absorption-of-sound engine performance, 
the space volume required for construction, and the workability of construction to the purpose of this 
invention measuring the efficient cure against noise abatement to the generation source of the noise A space 
dimension required for the absorption-of-sound construction including a back air space by specifically 
raising the absorption-of-sound engine performance of a low frequency field is reduced, It is in offering the 
construction approach of the absorption-of-sound object which makes it possible to simplify the activity at 
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the time of construction and to raise workability, to eliminate the absorption-of-sound performance 
degradation problem under the effect of an environmental condition (especially water absorption 
phenomenon), etc. 
[0007] 

[Means for Solving the Problem] By using the Plastic solid which many of a resin foaming particle left the 
opening and unified between particles, this invention improves the above-mentioned fault which the 
conventional absorption-of-sound object has. Namely, the 1st of this invention is an absorption-of-sound 
object which consists of a porosity Plastic solid of the resin foaming particle which has the peak frequency 
of 30% or more of acoustic absorptivities in a 100-3000Hz frequency domain. It faces constructing the 
becoming absorption-of-sound object, the porosity Plastic solid of a resin foaming particle with which the 
2nd [ the ] has the peak frequency of 30% or more of acoustic absorptivities in a 100-3000Hz frequency 
domain — since — Sum [ of the meat thickness of this absorption-of-sound object and the thickness of a back 
air space ] d (m) and frequency [ of a noise source ] f (Hz) is the construction approach of the absorption-of- 
sound object characterized by installing this absorption-of-sound object on the conditions with which 
following the (1) type and (2) types are filled. 
[0008] 

1.03-(l/d) 1.7<=f<=17.16-(l/d) 1.7(1) 
100<=f<=285-(l/d) 0.48 (2) 

First, the 1st of this invention is explained. As for the absorption-of-sound object used by this invention, it is 
important that it is the porosity Plastic solid of a resin foaming particle with which an acoustic absorptivity 
has 30% or more of peak frequency to 100-3000Hz field. The absorption-of-sound nature of bass falls and 
that to which a peak frequency exceeds 3000Hz is not suitable for the purpose of this invention. Moreover, it 
is difficult for a peak frequency to obtain a less than lOOHz thing. It is in the condition in which the 
absorption-of-sound object stuck the acoustic absorptivity to the rigid-body wall here, and is JIS. When the 
normal incidence sound absorption coefficient specified to A 1405 is said and it has a back air space that is, 
it is not the value which set up the air space between the rigid-body walls and absorption-of-sound objects 
which reflect an acoustic wave, and was measured. With the absorption-of-sound object of this invention, by 
preparing a back air space, the peak frequency of an acoustic absorptivity shifts to a low frequency side, and 
a peak acoustic absorptivity tends to increase. Moreover, the absorption-of-sound object of this invention is 
characterized by using the porosity Plastic solid of a resin foaming particle as an absorption-of-sound object 
to there having been nothing that used the porosity Plastic solid of a resin foaming particle as an absorption- 
of-sound object until now. 

[0009] It is as follows when the effectiveness by using the porosity Plastic solid of the above-mentioned 
resin foaming particle is explained using drawing. First, drawing 1 is the expansion format chart showing 
one of the examples of cross-section structure of the porosity Plastic solid used by this invention. 1 shows 
the part of a foaming particle and 2 shows an opening part. In order that the porosity Plastic solid of a resin 
foaming particle used by this invention may fill the above-mentioned requirements **, field junction is 
carried out, it is really fabricated in a part of particle front face where many of the resin foaming particle 1 
adjoins, and the opening part 2 is formed between the particle. If this opening part 2 has a fixed 
configuration in the Plastic solid thickness direction, it is not fractured, but that area will be large in the next 
cross section, and it will be narrow, or where that configuration is changed, it will stand in a row, or it will 
crook and stand in a row, and this opening part 2 will form the so-called path of the sound stream form 
structure which became intricate rapid concave convex or in the shape of zigzag considering the width of 
road in the many directions inside a Plastic solid. For this reason, in case the acoustic wave which carried 
out incidence passes the above-mentioned sound path, it will also discover the damping effect by the 
multiple echo or interference. 

[0010] If the porosity Plastic solid of a resin foaming particle used for this invention also has the 
fundamental property of a porous body and an acoustic wave trespasses upon the pore-like absorption-of- 
sound inside of the body, the air in an opening will vibrate, friction is produced between air and the internal 
surface of an opening in that case, it becomes heat loss, and the energy of a sound is consumed. In addition, 
by this invention, since it consists of resin foaming particles which the wall ingredient which forms an 
opening becomes from much closed cell structures and the wall front face forms the very thin film, it will 
have the effectiveness which has the function changed into vibration of the film in response to sound 
pressure energy, namely, was excellent in the absorption-of-sound nature of low frequency. And since it is 
the Plastic solid which consists of very many resin foaming particles, the absorption-of-sound nature of a 
bass region improves in multiplication. 
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[0011] Moreover, in the Plastic solid of a resin foaming particle used with the absorption-of-sound object of 
this inventioti, it is desirable to carry out field junction in a part of particle front face where many of the 
resin foaming particle whose mean particle diameter is 1 .5-5. 5mm adjoins, to have 1 5 - 40% of volume 
voidage, and to unify to the whole volume. These requirements are explained below. The first factor which 
specifies the configuration of the opening in a foaming particle is the magnitude of the particle which forms 
the opening, and, as for the mean particle diameter of the Plastic solid of a resin foaming particle, it is 
desirable that it is the range of 1 .5-5. 5mm. Thereby, the path of a sound stream form, i.e., the width of face 
of a sound path, is determined. If particle diameter exceeds 5.5mm, while the number of the pore opening 
per [ which carries out sound reception as an absorption-of-sound object ] unit area will fall, the wall gross 
area of the opening in a complete product falls, the function to change sound pressure energy into firiction 
loss falls, and the absorption-of-sound engine performance is spoiled. While the voidage of an absorption- 
of-sound object falls fi-om relation with the manufacture approach later mentioned as particle diameter is 
less than 1 .5mm and the absorption-of-sound engine performance falls, it becomes difficult to manufacture 
[ of a difficult Plastic solid with thick meat thickness ] to carry out heat adhesion of the particle of the core 
part of an absorption-of-sound object. The mean particle diameter of the resin foaming particle of such a 
point to this invention has 1.5-5.5 desirablemm. Furthermore, it is 2-4mm preferably. 
[0012] In addition, the particle size distribution of the resin foaming particle which constitutes an 
absorption-of-sound object also influences voidage, and influences the absorption-of-sound engine 
performance. Since a particle small in the gap of a big particle will be incorporated if a particle with big 
particle diameter and a small particle are intermingled, the path of the above-mentioned sound stream form 
may be taken up, or volume voidage may fall. Especially, when the ratio of the path of a large drop child 
and a granule child is a small value, when that abundance has a specific relation in addition (a large drop 
child / granule child = 6/4), this phenomenon is remarkable, and decline in an acoustic absorptivity takes 
place. 

[0013] It is desirable that the value of the ratio of the maximum particle diameter and the minimum particle 
diameter takes to 0.3-0.9 within the particle group with which use is presented in this invention. The rate of 
an opening that become minute restoration when all particle diameter was the same and it fills up in a mold, 
and adjoining particles carry out field junction and they are formed becomes low, and is not desirable for the 
absorption-of-sound engine performance. Moreover, it is desirable to become the structure which the 
waveguide which the width of road fluctuated periodically in the absorption-of-sound object used by this 
invention to make reflection and interference of an acoustic wave discover effectively became intricate in 
three dimensions, and opened for firee passage, and it is desirable to make into 1 5 - 40% of volume voidage 
the opening where junction between particles constitutes junction of the shape of a field instead of 
punctiform, and is formed between particles to a complete product. 

[0014] The second factor which specifies the configuration of an opening is carrying out field junction with 
the particle which a resin foaming particle's adjoins mutually. Although it is important in order for this to 
raise the bond strength between the adjoining particles and to make the mechanical strength as a Plastic 
solid discover, it is thought also from the field of the absorption-of-sound engine performance that it is 
desirable. The acoustic wave which trespassed upon the opening advances in various the directions, and 
although reflective dispersion is repeated and decreased, when between the particles which form an opening 
has joined to punctiform, the probability for an acoustic wave to be reflected compared with the case where 
field junction is being carried out becomes low. The frequency of a multiple echo increases because between 
particles joins in the shape of a field. A damping effect is also discovered, when this receives the acoustic 
wave which carries out incidence from various directions, and the probability which the epidermis film of 
the resin foaming particle which forms the wall front face changes into vibrational energy also increases and 
the frequency of a multiple echo increases. That is, although it is the opening which is mutually open for 
free passage, it is for making many paths used as a dead end form for the advancing acoustic wave. 
[0015] In this invention, it is also the description that the degree of the field junction between such particles 
can adjust easily. That is, in case an absorption-of-sound object is fabricated, it is in using the resin foaming 
particle which has expansion ability, while the particle in a mold pushes one another mutually by carrying 
out heating expansion so that a foaming particle may become the volume 1 .08 to 1 .41 times the volume of 
original in case these are filled up with, heated and joined to metal mold, it results to field junction, and the 
absorption-of-sound object have the above-mentioned opening configuration is acquired. 
[0016] Moreover, there is voidage to have big effect on the absorption-of-sound engine performance. 
Although the voidage of a porosity absorption-of-sound object also affects the absorption-of-sound engine 
performance, since it is the absorption-of-sound object which many of a resin foaming particle comes to join 
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in this invention, it is desirable to make it 15 - 40% of volume voidage. If voidage exceeds 40%, the 
mechanical Strength which carries out an absorption-of-sound Plastic solid will fall, and the use as a Plastic 
solid will become difficult substantially. An acoustic absorptivity becomes that voidage is less than 15% 
with less than 30%, and the absorption-of-sound engine performance deteriorates. ** taken from absorption- 
of-sound nature and the point of mechanical strength to 20 - 35% is more desirable. 

[0017] Next, the manufacture approach of the porosity Plastic solid used by this invention mentioned above 
is explained. It is advantageous in order to acquire the porosity Plastic solid which has making easy 
adhesion between the particles from which installing the resin for adhesion which can carry out heat 
adhesion at temperature lower than the softening foaming temperature of this particle adjoins the front face 
of a resin foaming particle in this invention, and raising the voidage of a porosity Plastic solid, and specific 
opening structure. In order that the particles which it has the property to foam and expand with heating, each 
particle itself expands when metal mold is filled up and it is heated, and adjoin mutually may press it 
mutually, since a resin foaming particle can obtain bond strength firm enough through the surface resin for 
heat adhesion, it is very suitable for the purpose of this invention. Furthermore, it is desirable also from the 
point of acquiring the porosity Plastic solid with which the amount of the resin to be used could be reduced 
and lightweight nature and adiathermic were added. 

[0018] Installing the above-mentioned heat adhesive property resin on the front face of a resin foaming 
particle Heat adhesion can be carried out at the temperature which becomes [ a resin foaming particle carries 
out heat softening and comes to expand to altitude / a front, namely, ] the volume 1 .08 to 1 .41 times the 
volume of original. It becomes possible to reduce the thermal expansion of a foaming particle as the result, 
and to maintain high voidage, the field-like junction between the above foaming particles becomes easy, the 
opening configuration of a sound stream form is formed, and the porosity Plastic solid excellent in 
absorption-of-sound nature is acquired. Moreover, if the above-mentioned process is used, energy 
expenditure can be reduced, shaping in a short time will be attained, and the effectiveness excellent also in 
productivity will be brought about. 

[0019] the resin foaming particle as used in the field of this invention is content ******** about an organic 
volatility foaming agent or a pyrolysis nature foaming agent at resin, such as general-purpose 
thermoplastics, for example, polystyrene, high impact polystyrene, ABS plastics, polyethylene (high 
density, low consistency), polypropylene, poly MECHIRUCHITA acrylate, polyvinylidene chloride 
copolymerization resin, nylon 6, nylon 6 and 6, and polyethylene terephthalate. Preferably as a particle 
which has such expansibility, there are the fizz resin particle and foaming particle which use polystyrene, 
polyethylene, a polypropylene bilene, polymethylmethacrylate, vinylidene-chloride system resin, a 
polyphenylene ether polystyrene alloy, etc. as material resin, and it is produced industrially. 
[0020] Of course, if too much heating is performed, in order that expansion of a resin particle may become 
large and the opening between particles may disappear, it is important to choose the combination which 
made suitable relation between the temperature to which these fizz particle expands, and the temperature in 
which the resin for adhesion installed by the particle front face carries out heat adhesion. Therefore, as a fizz 
resin particle, since it is not necessary to manage heating conditions strictly in order for what takes a slow 
expansion rate with thermal heating of steam etc. to attain the target voidage, a fizz vinylidene-chloride 
system resin particle is an especially suitable material particle. 

[0021] It becomes a fizz vinylidene-chloride system resin particle from a vinylidene chloride, and this and 
one or more sorts of copolymerizable vinyl monomers. The resin particle which is not foamed [ the glass 
transition point made the vinylidene-chloride copolymer 85 degrees C or more contain / vinylidene 
chloride / an organic volatility foaming agent including 30 % of the weight or more to foam ], And it is the 
good thing which expands with both heating and is indicated by the detail at JP,63-170433,A and JP,63- 
170434,A about both of the foaming particle of the closed cell structure acquired by carrying out heating 
foaming of it. A fizz particle is easily obtained by adjusting adjusting the amount of the foaming agent to 
contain or the aging conditions of a pre-expansion particle, i.e., processing temperature, and the time amount 
of those. 

[0022] Moreover, the foaming spall which cut out the Plastic solid without the opening used as a foaming 
heat insulator can also be offered as a raw material of this invention. Next, the resin for adhesion which is 
installed by the front face of the resin foaming particle of this invention and in which heat welding is 
possible is explained. It is desirable to choose the following [ the softening temperature of the synthetic- 
resin material particle which softening temperature is 70 degrees C or more, and is used as this resin for 
adhesion ]. The fluidity of the synthetic-resin material particle by which softening temperature was installed 
by the front face that it is easy to be tinctured with adhesiveness in a less than 70-degree C thing is bad, and 
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the restoration nature to the handling metallurgy mold in a manufacture process serves as a defect. 
Moreover, if deforms, when receiving heat depending on the operating environment of the fabricated 
product, and it produces un-arranging. On the other hand, if the softening temperature of the resin for 
adhesion exceeds the softening temperature of a synthetic-resin material particle, heat deformation of a 
material particle will become large with heating at the time of fabrication, and it will become difficult to 
acquire a porosity Plastic solid with high voidage. 

[0023] There are a polyvinyl chloride, an acrylonitrile styrene copolymer (AS), acrylonitrile-butadiene- 
styrene copolymer (ABS), a styrene maleic-anhydride copolymer, a styrene acrylic-acid copolymer, acrylic 
resin, etc. as thermoplastics which has the vinyl acetate system adhesives of a vinyl system classified, for 
example as thermoplastic adhesive, acrylic adhesives, ethylene vinyl acetate copolymerization adhesives 
and polyamide system adhesives, polyester system adhesives, heat or plastic polyurethane adhesive, and a 
polar group as the above-mentioned resin for adhesion. 

[0024] As what [ for heat adhesion / resin ] is desirable in the case of the fizz polyvinylidene chloride 
system resin particle which is a suitable particle material for this invention, the vinyl monomer which has as 
a substituent the resin with which copolymerization of the vinyl monomer which has a polar group was 
carried out, i.e., a halogen radical, a carboxylic-acid radical, an ester group, a cyano group, a nitro group, 
etc. is resin by which copolymerization was carried out at least 5% of the weight or more, and it is ASTM. D 
That whose BIKATTO softening temperature measured by 1525 is 70-1 15 degrees C can be used. Use is 
presented with the resin for these heat adhesion in the form of a solvent solution, an emulsion, or hot melt, 
and it can be properly used according to the purpose. Of course, it is also possible to add the additive for 
making various functions add into the solution of the resin for adhesion, and it is the process which was 
excellent also for the improvement in addition functional. For example, things, such as organic, various 
flame retarders of an inorganic system, a coloring agent of a pigment or a color, conductive matter, an 
antistatic agent, and a thermostabilizer, can be used. 

[0025] Next, one mode of the concrete manufacture approach of the Plastic solid of the resin firing particle 
of this invention is explained. The solvent solution of 2 - 10 % of the weight of resin for adhesion or 20 - 
60% of the weight of an emulsion solution is mixed so that the resin solid content for adhesion may serve as 
5-15 weight section to the fizz resin particle 100 weight section, the mixer generally used as mixing of 
grain on the occasion of mixing — it can be used ~ for example, a ribbon blender etc. ~ using ~ the resin 
solution for adhesion — addition — or a spray is carried out and the fi*ont face of a material particle is made 
to carry out covering installation 

[0026] Even if the bond strength as a Plastic solid which the above-mentioned material particle joined [ the 
resin solid content for adhesion ] through the resin for adhesion under in 5 weight sections is inadequate and 
it exceeds 1 5 weight sections, it does not act effectively in reinforcement and becomes disadvantageous 
economically. Although the solid content concentration of the resin solution for adhesion can be suitably 
chosen according to the purpose, in the case of a solvent solution, in the case of an aquosity emulsion, 20 - 
60% of the weight of a thing can use it preferably two to 1 0% of the weight. 

[0027] If the above-mentioned mixing is completed, it dries if needed, and the pre-expansion process which 
carries out heating foaming and adjusts expansion ratio will be presented, or a direct forming cycle will be 
presented. It is desirable to raise the restoration nature to metal mold, after having foamed, carrying out 
desiccation processing and giving lightweight nature and a fluidity, especially when shaping of a molded 
product with a complicated configuration is presented. The resin foaming particle which performed such 
processing is supplied to the general-purpose foaming automatic making machine in a mold, is more than 
the softening temperature of the resin for adhesion after metal mold restoration, is heated below at the 
foaming temperature of a resin foaming particle, and acquires a Plastic solid through the process of cooling. 
In this way, high voidage is maintained and the porosity Plastic solid which is excellent in the absorption-of- 
sound nature of this invention by which the opening structure between particles was controlled is acquired. 
[0028] Next, the 2nd of this invention is explained. In absorption-of-sound construction, it is most important 
to reduce a space dimension required in order to install a sound absorbing material as much as possible, and 
to make the absorption-of-sound engine performance discover to the maximum extent. It is desirable to 
make in agreement the fi-equency fi-om which for that the acoustic absorptivity of the porosity absorption-of- 
sound object of this invention serves as the maximum peak, and the fi^equency of a noise source. 
[0029] These concrete contents are explained using drawing 2 using the sound absorption characteristics of 
the porosity Plastic solid of this invention. Drawing 2 analyzes the effect which the sum d of the meat 
thickness of a porosity Plastic solid and a back air bed depth has on the peak fi-equency F of the acoustic 
absorptivity at that time, the case (d=lambda / 4= — 344/4f) where straight-line ** is installed in the place of 
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the quarter- wave length of the noise source which is just going to discover the absorption-of-sound 
effectiveness that the conventional porous body is the largest for a porosity Plastic solid namely, f==344/4d:, 
however acoustic velocity — a part for 344m/-- carrying out — it is shown and straight-line ** shows the 
wavelength (1/8) of the noise source to which the conventional porous body is just going to discover the 
largest absorption-of-sound effectiveness for a porosity Plastic solid used as the space thickness of 1/the 2. 
The mark is the point that have 60% or more of acoustic absorptivity in the peak frequency of an acoustic 
absorptivity, and d becomes below wavelength (1/8). The above-mentioned acoustic absorptivity O mark at 
30% or more O At less than 60% And it is the point that d becomes below wavelength (1/4) exceeding 
wavelength (1/8), and an acoustic absorptivity is less than 30%, or x mark is the point that d exceeds 
wavelength (1/4). 

[0030] First, it is required to install this Plastic solid on the conditions with which sum [ of the meat 
thickness of a porosity Plastic solid and the thickness of a back air space ] d (m) and frequency [ of a noise 
source ] f (Hz) fills following the (1) type and (2) types in this invention. 
1.03-(1/D) 1.7<=f<=17.16-(l/D) 1.7(1) 
100<=f<=285-(l/D) 0.48 (2) 

f< 1.03-(1/D) 1.7 **** — an acoustic absorptivity falls serially and the meat thickness of a porosity Plastic 
solid becomes small too much, and since shaping is difficult, it is not suitable. On the other hand, it is f> 
17.16-(l/d) 1.7. Since an acoustic absorptivity falls gradually and turns into less than 30% of acoustic 
absorptivity, and d will become thick compared with the conventional porous body if it is going to take out 
the desired absorption-of-sound engine performance even if it exceeds, the advantage carmot be discovered. 
[0031] Since the wavelength of an acoustic wave becomes large compared with Above d in f< 100, an 
acoustic absorptivity falls rapidly. It becomes difficult to secure 30% or more of acoustic absorptivity. On 
the other hand, in 285and(l/D) 0.48<f the hole which corresponded when there was no back air space (i.e., 
when carrying out absorption-of-sound construction only by the thickness of the porosity Plastic solid of this 
invention), and exceeded the peak frequency of an acoustic absorptivity — since it becomes the absorption of 
sound to the acoustic wave by the side of a frequency, the absorption-of-sound engine performance will fall 
gradually. 

[0032] It sets in the relation between f and D, and is with the conventional absorption-of-sound object. (1/d) 
With the porosity absorption-of-sound object of this invention, the biggest description is to ruling over by 
the linear expression to state (1/d) and rule over by ****. If it puts in another way, especially even if the 
thickness of a back air space is thin, it is the big description that the effective absorption-of-sound 
effectiveness is shown to the noise of low frequency, and the porosity Plastic solid of this invention can 
reduce greatly the requisite space volume for absorption of sound. Furthermore, it is desirable that it is 
satisfied with considering as the construction which was excellent rather than it made the conditions (d 
becomes 1/8 or less wave) which an acoustic absorptivity is 60% or more, and construction space thickness 
can reduce by half from the conventional porosity absorption-of-sound object add and the absorption-of- 
sound engine performance and the requisite space volume were reduced of the field of the polygon EFCGH 
surrounded by O mark in drawing 2 . A straight line EF expresses the relation between the back air bed 
depth in the meat thickness of the minimum of a porosity Plastic solid required for an acoustic absorptivity 
to become 60% or more, and the peak fi-equency of an acoustic absorptivity, and a straight line HG shows 
D= (wavelength) / 8 here. If a coordinate (D, F) shows a polygon EFCGH, it will become Point E (0.014 
2195), Point F (0.087 100), Point C (0. 35,100), Point G (0. 32,135), and Point H (0.026 1630). 
[0033] Although the acoustic absorptivity said by this invention is defined here by the measured value by 
the vertical-incidence method Since a sound-source frequency also has width of face and has an incidence 
sound from various include angles in the actual noise. Although it is desirable to face and determine a 
construction specification as the practical use evaluation instead of a thing for which it can opt uniquely, it is 
required to set to f (Hz) the frequency from which sound pressure level serves as max in the frequency 
domain of the noise, and to satisfy the above-mentioned relation at least about this f. 
[0034] With the conventional technique, control of the difficult voidage or the magnitude of an opening 
becomes easy by this invention, the absorption-of-sound engine performance is changed by controlling these 
according to the purpose of use, or various configurations can be processed and a thing suitable as an 
absorption-of-sound Plastic solid with which various industrial devices can be equipped is obtained. By 
using a fizz particle, it can develop as a new industrial member which has adiathermic, and the function of 
lightweight nature and absorption-of-sound nature collectively in the part which forms the air course of air- 
conditioning equipment, such as an air-conditioner with which especially silence is called for, and a 
ventilating fan, a duct, etc. Moreover, also in the construction field, the expansion as a unique material is 
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expectable. 
[0035] 

[Example] Hereafter, an example explains this invention. In addition, the evaluation approach used by this 
invention is as follows. 

(1) The nominal dimension to which a resin foaming particle with a mean particle diameter of lOOg is 
specified by JISZ8801 performs ****** using 5.6, 4.75.4, 3.35, 2.36, 1 .7, and the standard sieve it is 
[ standard sieve ] 1 .4 or 1mm. di an eye — passing — di+1 [ and ] The mean particle diameter di of the 
stopping particle, and weight rate Xi it is — if — the mean particle diameter of each classification article ~ di 
= (di and di+1) It is given by one half. 

[0036] Mean particle diameter ds of all particles It asks by the degree type. 

ds = The inside of each group classified and obtained by measurement of the sigmaXi di(2) particle-size- 
distribution preceding clause, and the minimum particle diameter dmin It defines by the value which **(ed) 
with the maximum particle diameter dmax. 

(3) Measure based on tensile strength JISA 9511 . 

(4) The porosity Plastic solid of the bulk volume (VI) of voidage appearance is immersed into the 
measuring cylinder which filled the water of a constant rate, measure the increment volume at that time 

(V2), and ask by the degree type. 

[0037] {(V1-V2) A^l } X Based on the 100(5) acoustic absorptivity JISA 1405, a normal incidence sound 
absorption coefficient (standing wave method) is measured. 

** Measure the acoustic absorptivity at the time of specifying an absorption-of-sound object ingredient in 
the condition without a back air space, i.e., the condition of having stuck to the rigid wall, about each 
fi"equency. 

[0038] ** Say the value which deducted the acoustic-absorptivity value measured by the approach of ** 
term in each fi-equency fi-om the acoustic-absorptivity value at the time of preparing the rise value of the 
acoustic absorptivity at the time of setting up a back air space, and a back air space. 

** Calculate the value which deducted the value measured like [ after making the water of 50% of volume 
of the whole product absorb water in an absorption-of-sound object sample ] ** term from the acoustic 
absorptivity measured by the acoustic-absorptivity fall value after water absorption processing, and ** term 
about each fi*equency. 
[0039] 

[Example 1] The divinylbenzene of the 0.02 weight section was added for a vinylidene chloride, N-phenyl 
maleimide, acrylonitrile, and styrene to the 42, 2.4, and 44. 3 or 1 1.3-mol % mixture 100 weight section of a 
presentation ratio, respectively, and the copolymer-resin particle was obtained by the suspension- 
polymerization method. Sinking-in processing was performed having applied HCFC-142b to this at 70 
degrees C for 24 hours. The obtained fizz resin particle contained HCFC[ 10% of the weight of ] 142b. 
[0040] The fizz resin particle by which spray addition was carried out and it mixed for 1 5 minutes, and 
aeration of the 3 5 -degree C warm air was carried out after that, it dried, and acrylic hot glue was installed by 
the fi-ont face was obtained having supplied this fizz resin particle 1 00 weight section to the ribbon blender, 
and carrying out **** mixing of the acrylic emulsion (Konishi, SP-210) 20 weight section. The pre- 
expansion particle which foamed to this fizz resin particle with the steam of 0.2kg/cm2-G was obtained. 
This pre-expansion particle was classified using the standard sieve, and it distributed to particle size 
distribution as shown in Table 1 , and five groups who have mean particle diameter. 

[0041] Each group^s pre-expansion particle was supplied to 300x300x25mm shaping metal mold with the 
general-purpose automatic making machine for styrene foam, by steam ** which shows double-sided 
heating in Table 1 continuously for 10 seconds with 0.1kg/cm2 steam in heating on the other hand, for 10 
seconds, water cooling of the line was carried out and it was released from mold. The result of having 
measured the voidage of the Plastic solid which has the obtained opening, peak acoustic absorptivity and 
fi-equency in the condition of having stuck to the rigid wall, and tensile strength is doubled, and it is shown 
in Table 1 . 

[0042] As for the porosity Plastic solid by the resin foaming particle of this invention, it turns out that a high 
acoustic absorptivity is shown in a 100-3000Hz field in the state of rigid wall adhesion, and the value of an 
acoustic absorptivity is also rising with the increment in voidage so that clearly ft-om the result of Table 1 . 
[0043] 
[Table 1] 



http ://www4.ipdl . ncipi .go .jp/cgi-bin/tran_web_cgi_ejje 3/3 0/2006 



JP,07-168577,A [DETAILED DESCRIPTION] 



Page 8 of 9 



€^ 

IN 0 








mm 


mm 


mm 




% Hz 




1 


2. 8- 
4. 0 


3. 5 


0. 70 


0. 2 


35 


9 3 


2 2 0 0 


1. 8 


2 


3. 4 


2. 9 


0. 59 


0. 2 


3 1 


8 5 


2 0 0 0 


2. 0 


3 


4. 8-- 

5. 6 


5. 2 


Q. 8 6 


0. 3 


2 6 


4 5 


16 0 0 


2. 3 


4 


1. 5- 
4. 8 


I. 7 


0. 3 1 


0. 3 


1 5 


3 2 


9 0 0 


3. 4 


5 


0. 8- 
4, 0 


1. 2 


0, 2 0 


0. 4 


1 0 


1 3 


6 0 0 


4. 5 1 



[0044] 

[Example 2] When meat thickness acquired 100, 50, 25, and the porosity Plastic solid that is 15 or 10mm, 
respectively and measured voidage according to the same process condition using the same pre-expansion 
particle as the above-mentioned experiment No.l, and 2 and 3, they were 30, 33, 25, and 28 or 15%, 
respectively. In this way, about the acquired porosity Plastic solid, the thickness of a back air space is 
changed, frequency dependent [ of an acoustic absorptivity ] is measured, and the result of having asked for 
the peak frequency from which an acoustic absorptivity serves as max is shown in Table 2. 
[0045] 
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[0046] next, the above-mentioned result - the sum D of the peak frequency F of an acoustic absorptivity, 
the meat thickness of a porosity Plastic solid, and a back air bed depth — both — a logarithm — it will 
become drawing 2 if it plots and illustrates. Straight-line [ in drawing ] ** and ** show D=lambda/4, and 
D=lambda/8, respectively, lambda expresses the wavelength in each frequency of an acoustic wave here. 
Moreover, it is the point that the acoustic absorptivity of the point and O mark with which are satisfied that 
an acoustic absorptivity [ in / in O mark / the peak frequency of an acoustic absorptivity ] is 60% or more, 
and D is lambda/8 or less is less than 60% at 30% or more, and an acoustic absorptivity is less than 30%, or 
D exceeds lambda/4, as for the point that D becomes lambda/4 or less exceeding lambda/8, and x mark. 
[0047] Furthermore, the acoustic absorptivity in a peak frequency is 60% or more, and the conditions which 
can reduce construction space thickness by half compared with the conventional porosity absorption-of- 
sound object are the fields of a polygon EFCGH. 
[0048] 

[Example 3] The following conditions estimated frequency dependent [ of an acoustic absorptivity ], using 
the Plastic solid of experiment No.2 of an example 1 as a porosity Plastic solid. 

** O and less than 30% of case were made into x for the case where the value which deducted the measured 
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value of a rigid wall adhesion condition shows 30% or more of rise from the acoustic-absorptivity value at 
the time of setting a back air space as 25mm. 

** The distance of a back air space was changed, the acoustic absorptivity was measured, and the case 
where O and 100mm were exceeded for the case where the sum D with space thickness (25mm) required in 
order that the acoustic absorptivity in each frequency may exceed 50%, i.e., the meat thickness of a porosity 
Plastic solid, and the thickness of a back air space is less than 100mm was made into x. 
** The case where the acoustic absorptivity after water absorption processing fell exceeding 10% compared 
with processing before was made as x, and less than 1 0% was made into O. 

[0049] The above-mentioned result and evaluation of workability were doubled and it was shown in Table 
3. In addition, evaluation of workability was judged by the necessity of the difficulty of attachment of the 
absorption-of- sound object at the time of assuming absorption of sound of the fan for air-conditioning 
therefore a required fixture, and a subsidiary material. If metal mold is created, that the Plastic solid of a 
desired configuration can be mass-produced, and in order for what is necessary just to be to include in 
equipment as it is, it excels in the porosity Plastic solid of this invention at workability. 
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[0051] 

[The example 1 of a comparison] a consistency — 24 kg/m3 it is ~ the result of having performed the same 
evaluation as an example 3 using the absorption-of-sound object of the glass wool whose meat thickness is 
25mm is shown in Table 4. In this case, in order to prevent scattering of the glass fiber by airstream, it is 
necessary to carry out package sewing with a cheesecloth, and since the member and fixture for supporting 
it in order to prepare a back air space are needed, it is inferior to workability. 



[0052] 
Table 4] 
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[0053] 

[Effect of the Invention] The absorption-of-sound object using a resin foaming particle and its construction 
approach of this invention are the absorption-of-sound object and the construction approach of it being 
excellent in the absorption-of-sound effectiveness, and constructing to little space volume especially to the 
noise abatement of low frequency of having excelled also economically. 



[Translation done.] 
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* NOTICES * 
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damages caused by the use o£ this translation, 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1 ] 
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[Section partition] The 2nd partition of the 6th section 
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[The 7th edition of International Patent Classification] 

GIOK 11/16 
B29C 44/00 
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F24F 13/02 
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[Procedure revision] 

[Filing Date] December 4, Heisei 12 (2000. 12.4) 

[Procedure amendment 1 ] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0030 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0030] First, it is required to install this Plastic solid on the conditions with which sum [ of the meat 
thickness of a porosity Plastic solid and the thickness of a back air space ] d (m) and fi-equency [ of a noise 
source ] f (Hz) fills following the (1) type and (2) types in this invention. 
1.03-(l/d) 1.7<=f<=17.16-(l/d) 1,7 (1) 
100<=f<=285-(l/d) 0.48 (2) 

f< L03-(l/d) 1.7 **** — an acoustic absorptivity falls serially and the meat thickness of a porosity Plastic 

solid becomes small too much, and since shaping is difficult, it is not suitable. On the other hand, it is f^ 

17.16-(l/d) 1.7. Since an acoustic absorptivity falls gradually and tums into less than 30% of acoustic 

absorptivity, and d will become thick compared with the conventional porous body if it is going to take out 

the desired absorption-of-sound engine performance even if it exceeds, the advantage cannot be discovered. 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 003 1 

[Method of Amendment] Modification 

[Proposed Amendment] 
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[0031] Since the wavelength of an acoustic wave becomes large compared with Above d in f< 100 the hole 
which the acoustic absorptivity fell rapidly and it became difficult to secure 30% or more of acoustic 
absorptivity, corresponded when there was no back air space on the other hand at 285and(l/d) 0.48<f (i.e., 
when carrying out absorption-of-sound construction only by the thickness of the porosity Plastic solid of this 
invention), and exceeded the peak frequency of an acoustic absorptivity — since it becomes the absorption of 
sound to the acoustic wave by the side of a frequency, the absorption-of-sound engine performance will fall 
gradually. 

[Procedure amendment 3] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0032 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0032] It sets in the relation between f and d, and is with the conventional absorption-of-sound object. (1/d) 
With the porosity absorption-of-sound object of this invention, the biggest description is to ruling over by 
the linear expression to state (1/d) and rule over by ****. If it puts in another way, especially even if the 
thickness of a back air space is thin, it is the big description that the effective absorption-of-sound 
effectiveness is shown to the noise of low frequency, and the porosity Plastic solid of this invention can 
reduce greatly the requisite space volume for absorption of sound. Furthermore, it is desirable that it is 
satisfied with considering as the construction which was excellent rather than it made the conditions (d 
becomes 1/8 or less wave) which an acoustic absorptivity is 60% or more, and construction space thickness 
can reduce by half from the conventional porosity absorption-of-sound object add and the absorption-of- 
sound engine performance and the requisite space volume were reduced of the field of the polygon EFCGH 
surrounded by O mark in drawing 2. A straight line EF expresses the relation between the back air bed depth 
in the meat thickness of the minimum of a porosity Plastic solid required for an acoustic absorptivity to 
become 60% or more, and the peak frequency of an acoustic absorptivity, and a straight line HG shows d= 
(wavelength) / 8 here. If a coordinate (D, F) shows a polygon EFCGH, it will become Point E (0.014 2195), 
Point F (0.087 100), Point C (0. 35,100), Point G (0. 32,135), and Point H (0.026 1630). 
[Procedure amendment 4] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0046 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0046] next, the above-mentioned result — the sum d of the peak frequency F of an acoustic absorptivity, the 

meat thickness of a porosity Plastic solid, and a back air bed depth — both — a logarithm — it will become 

drawing 2 if it plots and illustrates. Straight-line [ in drawing ] ** and ** show d=lambda/4, and 

d=lambda/8, respectively, lambda expresses the wavelength in each frequency of an acoustic wave here. 

Moreover, it is the point that the acoustic absorptivity of the point and c3 mark with which are satisfied that 

an acoustic absorptivity [ in / in O mark / the peak frequency of an acoustic absorptivity ] is 60% or more, 

and d is lambda/8 or less is less than 60% at 30% or more, and an acoustic absorptivity is less than 30%, or 

d exceeds lambda/4, as for the point that d becomes lambda/4 or less exceeding lambda/8, and x mark. 

[Procedure amendment 5] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0048 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0048] 

[Example 3] The following conditions estimated frequency dependent [ of an acoustic absorptivity ], using 
the Plastic solid of experiment No.2 of an example 1 as a porosity Plastic solid. ** O and less than 30% of 
case were made into x for the case where the value which deducted the measured value of a rigid wall 
adhesion condition shows 30% or more of rise firom the acoustic-absorptivity value at the time of setting a 
back air space as 25mm. ** The distance of a back air space was changed, the acoustic absorptivity was 
measured, and the case where O and 1 00mm were exceeded for the case where the sum d with space 
thickness (25mm) required in order that the acoustic absorptivity in each frequency may exceed 50%, i.e., 
the meat thickness of a porosity Plastic solid, and the thickness of a back air space is less than 1 00mm was 
made into x. ** The case where the acoustic absorptivity after water absorption processing fell exceeding 
1 0% compared with processing before was made as x, and less than 1 0% was made into O. 
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(54) SOUND ABSORBER AND ITS INSTALLATION METHOD 

(57)Abstract: 

PURPOSE: To provide a sound absorber which has an 
excellent sound absorbing effect, is applicable with small 
space volume particularly for preventing noises of low 
frequencies and is excellent in cost efFectiveness by 
forming the sound absorber consisting of a porous 
molding of resin foamed particles having a peak, 
frequency of a specific range. 

CONSTITUTION: This sound absorber is the porous 
molding of the resin foamed particles 1 having the peak 
frequency of sound absorptivity of >30% in a region of 
100 to 3000Hz. The sound absorption characteristic of 
low-frequency tones degrades and such sound absorber 
is unsuitable if the peak frequency exceeds 3000Hz. The 
sound absorber having the peak frequency below 100Hz 
is hardly obtainable. The porous molding of the resin 
foamed particles 1 is integrally molded with many pieces 
of the resin foamed particles 1 by surface-to-surface 
joining in part of the adjacent particle surfaces and gap 
parts 2 are formed among these particles. These gap 

parts 2 do not have a fixed shape in the thickness direction of the molding and exhibit an 
attenuation effect by multiple reflections and interference at the time the incident sound waves 
pass the sound ways. Then, the sound absorbing performance of the low— frequency region is 
enhanced, by which the space size necessary for soundproof installation including rear air layers 
is reduced. 
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oHz. looHz <z)aipicjfc* bTW, •en-en4 3 

1.03- (1/d) ^ ' ^1 7. 

1 0 O^f ^2 8 5 

n^^^mt 100-3000HZ 30 50 



40 



[0 0 0 5] ^^7.0-)V^<Dmm'^»^\t& 
[0 0 0 6] 

[^igj&w*b^-5-i:"r^^js] ^^m<omm\x. 

•r^m^^%m^^^it.m.%mjL\z^-^u^m-^^^t&^y- 
-r^cit. J£x^<of^S*fBi«^fcbf^3Stt^j««)«>e: 
^Jg^frcoj^S (1f>C©7fc^^) (cJc^KWttlgco 

[0 0 0 7] 

^aiHj&^S^MfcSRS^aibTSVilc-flcftbfciS?^*^ 

#T'5'b<oT&^. r^^t)-^, 5^%i^<Dm 1 n 1 0 0 — 

3 0 0 0Hz ©a«ft««fc»W*3 0 «JKJi©tf-^y 
l^^t^TafeO. ■?-COS52^il 0 O-'S 0 0 OHzCD^iftSc 

b. ^©^#:(^^J?^5^a:«*SmilCDi^;!f <i:CDftid 
(m) a:B«S<0^»»f (Hz) t3^<. TE (1) 

#^tT^®#^t:(0jfiX;&}^T^5^), 
[0 0 0 8] 



1 6 • (1/d) » ' (1 ) 
• (1/d) » (2) 

?^»T«>'5Cl(h*WS-Cfe^. fcf-iJ7^ft»;iJ^3 0 0 0 
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3 

"^i^t^^mvfc^tSrCs J IS A 1 4 0 5 j;:«S$n 

[0 0 0 9] ±IBwW8g9£?aa^CO*?La«?^#:S^V^ 

\^\z\t-^mift^^vx}t:^^r. 'A<Dmm'C\t^O^ 

m^^'m^'t^zhizfsi^, ^KDft^Kmvft^mtv. 

[0 0 10] 2|s:^^tcffiVi^^|g^?aiia^cD^?Lm)^f^ 

^X'^<r>x,:^)V^-iimn'^ti^. m^^\z:^^^xu 

)&\^x\^>^r^}^'^f£:ii^)v^-^^nxmo>Wtm^t.^ 
W:^n'ozii\zfs.^. \.t^hm^x^WLm<Dmm^mk 

[0 0 11] ^it. ^^^^(DK^flcTffiv^e^n^^Jg^ 

?a«]tiPo^?^#:jc45v^Tji> ^i^e^Sjon. 5-5. 

mw^^^L.x-mt\^x\^'^^z.tiim^{^^\ i^Tzn 
^(D-mmz-DXi^x^mt^. %m^A'^\z^\'y^^^<Dm 



(3) ^^¥7-1 6 8 5 7 7 

4 

1, 5 — 5. 5mm(D|5ST^S2:i:)&W*LVio cn 
S^^$n^>* &^Sd^5. 5mmS:aASt®^«ctb 

1. 5-5. 5mmdt»*bVi. MIC»^U<tt2-4 
[0 0 12] «^P*^«lS'r*«JBf6?a&TK>«r 

XhU-A^CDSK^SKJUitT&^^ofcD. ^^^^^ 

3&^«T-r-&Ji<h)&«*s. mz. id&'3'L/}sn^<omoit 
[0 0 13] :*i^mx\tmm\zm'r^n^m}i^x»id& 

^gtS/hS^gtCOitCOfil;&^0. 3-0. Ofc^-SJl 

'r-<x<Dni'mtm—x;^n\tm^\z% 
m-^tircm^\zm^iEmtur>. mm'r^f&^m±im 
ii^^vxm^^n^^^<om'^f)m<fxr). ^^i^m\z 

\z^\^^x. =^^(D^ii'^^^^^Mmz^m'^'^^\z\t 
30 m.mf3m^m\zmm\^rz.mm^ti^^'^mzxr)i^^m 

^»^^«ffl^C^UTl 5-4 0%<O««^»^a:*r* 

[0 0 14] sB^c^?^4^$«^-r^ii=:oHT«. mm 

Ta)«« $ ii: -5 8C) IC aH/cC C i: ^ ^ ^ 
5(? -li:'5;ti6T^'&. 
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(4) 

5 

[0 0 1 51 2(s:^We«> c:<Dcfc^;^)&^lS(DMjg^<o 

^mZ^fSML=f'ifi7i<D^m(0 1 . 0 8-1. 41 ffitD^P 

[0 0 16] ^fc, ^^^m\z:ki^fx»m^-¥^^^(0 

[0 0 17] '^}z. ±j&VT^r;i*:^mxm^^^0^n 
^m#^(o&myfmzr:>\.^xmm-r^o ^^mx\mim 20 
w^=i'<r>nm\zwk^(Dmm^msL^ d 

^(omm^^mzi^. ^nn^mv^o^m^^^^sb^z. 

isb\z^mx^^. mm^^^f-mmiz^K^^^. mm 
fsttMswu, ^mizitmi^xm^.-^nrzm^. 
(oi&^}^mmwL\^m^\zmmr^i&'?'m±tm^v^ 
oTctb. mm(o^^mmm^^ifri^X'i'^\z^^umm 
^st^i^^z.ti)^x^^rc^^^^(DB&^\z\tm^xtff' 

[0 0 18] mm^tm^<D^m\z±w.f»im^iSLm!^^ 
mm-r^ z, t \t. mm^fm.^iim^^t v^m\zmis^T 

^Izm^Wls IP*, yt(0^m<0 1, 0 8-1. 41f&C0 

[0 0 19] ^^mxu^mmmf^ni'h\ttfim(Dmt^ 
m^tmm. w^tf. #ux5^i^>, /w-r >y^^ h^^^u 

X^P>. ABSMlg. *UX5"U> ig;^ 

>-6. 6, T^r-vji^uyy^uy^u-h^cDmrnizm 



«F§a¥7- 1 6 8 5 7 7 

6 

#UX^I^>, #UX5^U>. #U:/Dlf^>, #Uj?t 
[0020] t>*^^. jaSa>JflIj»<£fT^«»|g3&^(D 

m&mi)mm^'r^ismt(Dm^^mwzvni^^^t> 

^i:bT«, x^-A^(ommQ»jz^r)m&fxmmm 

^»m\z'smr^&^mhi^\^^it^t>^f&VA{t\fzzoy'> 
^mm&f^\m\zttmusmL^x ^ ^) o 

[0 0 2 1] 5i^att«[ft:b-xij^>»SJSiSL?tJl> ffi 
-lSJgA±t*^e.:^D, ie^HxUx>75t3 omM%^ 

mmv. i¥Sfflrc«#raBg6 3-1 7 04 3 3^»«, # 

63-17043 4^^jkm\Z^^^n^h<DX. B 

^mii^\t^mr^mmMo:>^^mmr^z.t. ^^^^ 

[0 0 2 2] ^:ft. %^mmmh{.x^m^n^^m(D 
:/x\^^^f^»^mmi^rcm^m^}^^:^^m(DmnLiyX 

mizmm-^n^m^m-^mumnmm^^mmr^. m 

mii^^rjM^ < mm\zmm^nft^0mmmmu^(Dm 

^tu^. ^m-^nr::m^<o^mmmzj:r:>x\t 
m^^\'f^m^\zs^mvrzr)vx^i^^^±u^. - 

m^mx^L. ^miax^(Disomz^f)mtiWiT(onii^ 

[0 0 2 3] ±tB,mmmmmtLx\t. ^^x^m-^m^ 
mmMtuxi^m^n^}dzz)im<Dmm\:^=:^)i^^mm 

pJSttaigtUT, 3p»J*&flstrx;k 7^UaxhU;w 
-X^^V^^S-^^ (AS) . Ti^'JDXhU^P-:/^ 
>?X>-X5^U>^^S^ft: (ABS) , X^U>-M7)C 
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(5) 



CO 0 2 4] *%igtc»S>i«l:^#«-c^s%?Sf4#U 
ASTM D 1 5 2 51^miS.^n^}dtfy 

^«:itj^iA7 0-11 5'c<3D'bcz)*tflE^T#^. Sine* 

[0 0 2 5] :^^m(Dmm¥^m^l^(DgLmi^(DM: 

0 0 sfispfc^ {.xmmmmmm^^^ s - 1 s maa a? 

<i:?^^>ct^tC^«ffi«fl§2'-l om%<dssjm^s^, ^ 

2 0-6 oaa%<Dx^;i/>?3 >^at$:ii^'r 

xmmmmmmm^mm. ^rzUT^^u-i^xmniSLi^ 
(D^m\zm^mm-^^^o 

[0 0 2 6] mmmmmmm^f)^5mm^^mx\t±m 
m^iki^ii^mmmmm^iffy^xm'^L'ft^s.mi^ti^xoy 

\zmiSi\z}ti^mi^u<xmm&^\z:^m^^^. litmmm so 
^mm<om^^mm\tmmz^. \:.xmMM^x^ ^ -m. 

^^\Z\t2 0-6 OSa36C!)t><?[)*«»^U<ffi^T# 

[0 0 2 7] jiffiS'&sr^Tufee*. »s^>mz^s\:.x^m, 

1.03- (1/D) 1^ ^1 7. 

1 0 0^ f ^2 8 5 

f<l, 03- (1/D) ^-^ xu.^^mffiWA&y 
aiTab^fce^oS^TJ^Vi. — f>i7. 16- (i 

/d) ^f&xx^^^mt^^\zi&f\y3(>%^m 

\m^(D^Kmi^t»^x d i)m<fj^^r:iib&mi}mm 
x^u\^^. 

[0 0 3 1] f <1 0 OTf^«i^(^j&g;&^±IBdtctt:^ 

iDrn'sm^^^-r^^titmrntuKi. 2 8 5 - 

(l/D) « -'«<fT«, =Sm^^g;5^?^j:V^«'&, IP^ 

^^m(O0Km^m#^(om^rc\^x^^m3:r^m'^\z so 



i»M¥7-1 6 8 577 



\m.Wi(nmMm^mmm\z^^^n. ^mf&mL^ 

[0 0 2 8] *:^W<Z)m2tCOViTlll91-r-5, K 

[0 0 2 9] *ai9go*?LH«?^#coKW«Fft$fflV^ 

;^#ViK^?a:^S:^ar'5 iL^L^^X^^W^mSD 1/4 
iftg<Da:;::;5fc^®Ufca^ (d = A/4 = 3 4 4/4 
f , 'tUt}^ f = 3 4 4/4d : :/S:>5:b. lPi^H3 4 4 

^^^^^^-r^tC^T^^Ig^iliO (1/8) 

hcD5ft#2p^WL, 5.-::>> dT&t (1/8) ^^^l^tf^ 
a^^TfeO. 0^«Ji^®^^J&^3 0%JEA±T6 0%7fe 
iS^, d^-^. dt^ (1/8) ftgSrttAT (1/4) S 

ifc^dd^ (1/4) m^^mx^^x;^^. 
[0 0 3 0] *56WJc43l^mi#?LHfiKfl^<*:o* 

M^t«m^a^<DiP^tcDfod (m) ^:m^m(om& 

Scf (Hz) TSa (1) ^RO^ (2) ^§^;/t-r 

1 6 • (1/D) (1) 
• (1/D) ° (2) 

[0 0 3 2] f tD<^>ii«rc;fe(riT, «e*<DKW*Ttt 
(1/d) (0-'A^X^M^ti^:zt\zM\^X:^^^ 
<O0^^n9t=^#^X\t (l/d) ©'<#*jT3EBB^nac: 

t\zmhiz^^^mii^$>^. ftmrntf. *^f^o^?L 

ti)^x^^^<DX^^. ^^ic, Ki^^^^e 0 %4^A± 

X. iSi^-D. ifiX^frW^7&tSE*(O#?L®®^{*:J:0¥« 
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9 

•r S 2 tC:fett'5@WTK^n^^^l5^E F C GH 

ltjg|HGttD= * 
ftJ^EFCGH^JffiS (D. F) (0. 
014, 219 5),;^F(0. 087, 100).^ 
C (0. 3 5. 1 0 0) , ^G (0. 3 2, 1 3 5), 
(0. 0 2 6. 1 6 30) ^U^. 

[0 0 3 3] ccfc*^^Tm5®^^<h«Mii:Atti* 

f (Hz) il<Df tCg|UTiI>3^< tt>±l2W»^ 

[0 0 3 4] 2(!:^?BlwJ:Offi*ftWT«B38Tfeo;fc^ 

[0 0 3 5] 

(1) ¥i^Ja^§5 

10 0 s(omm^^n=^^ j i s z s s o i ^m^^n 

WZS^miAS. 6, 4. 7 5. 4, 3. 3 5, 2. 
3 6, 1. 7. 1. 4, ImmT^-SSip^SVi&fflli 

di = (di • di*i ) 

[0 0 3 6] ^S^co^i^e^^d. »^;^iC(zJ:0*a«) 
^. 

di = SXi di 

(2) fi^g^^ 

(3) 

J I S A 9 5 1 1 JwS-li^^iSS^-r ^. 

(4) 



(6) «iBBV7-1 68 577 

M.i!>^lf(Df)>'^^m (Vi ) (D#?im^S^^#&-SScD* 

(V2 ) ^$5feb. :*iClc<tO**So 

[0 0 3 7] { (Vi -V2 ) /Vi } X 10 0 

(5) 

J I s A 1 4 0 5 \zm^nmMxm9i'sm (««e«s) 

[0 0 3 8]® ««SS«^48J^UfelR(DKW*CD± 

5 0%co$acD7K^®7K^-&;t^fc<D]l^[^StcLTffl 
20 [0 0391 

2. 4. 44. 3, 11. 3^)V%<Dm^it<Dm'^^l 
0 OffiSggtC^LTO. 0 2mSSS<'5>?lfn;U'^>-if> 

n^CHCFC-l 4 2b$7 OICfcT 2 4l©M*HtT^ 

^«is^ffofco #^nfc%?a<4»ji&)a^ttiosa?g 

©HC F C 1 4 2 b ^-^Wl^Tlife. 

[0 040] ;i©5i?att«jiifii[^ 100 sfias u 

i/, SP-2 10) 2 0mseP^fill^j!g'&U;5:;!)«eX7' 

faft^Bifi^^fiifco ^KD^i^^mm^^^^o. 2kg 
5 •:^(DifJi^-:/\z&^vrz,. 

[0 0 4 1) ^n^n<Di/)i-zr<D=f^m^mm^^m^ 
40 (D^mT.^u-yvm^Wijmmzx 3 00x300x2 

Smm<0^m^m\ZWLX\^> —:^mmt^O. Ikg/c 
m»<D;3;^-A-Cl OIJ^FpI, lSV»TP®j&D«i^* 1 
T7.^-AiETl 0»WfToT, ;d<?&LRIllL;^Co »^ 

[0 0 4 2] ^\ (r>f&^if^ib^^t^U^o\Z. 

mm^n'^xzx^^^w^mmm^^mmsixi 0 

0-3 0 0 OHzO^i^lC^V^K^^^r^U, ^Ri^CD 
50 iiilDlC{*VieS^^cOMt>±#bTViS;i<h?&^5i^;&^^. 
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11 



[0 04 3] 



(7) 



7-168577 



12 



9^ 

No 








mm 


mm 


mm 




96 Hz 




1 


2. 8- 
4. 0 


3. 5 


0. 70 


0. 2 


35 


9 3 


2 20 0 


1. 8 


2 


2. 0— 
3. 4 


2. 9 


0. 5 9 


0. 2 


31 


8 5 


2 0 00 


2. 0 


3 


4. 8— 
5. 6 


5. 2 


0. 8 6 


0. S 


23 


45 


18 00 


2. 3 


4 


1. 5 — 
4. 8 


L 7 


0. 3 1 


0. 3 


1 5 


32 


9 00 


3. 4 


5 


0. 8- 
4. 0 


1. 2 


0. 2 0 


0. 4 


1 0 


1 3 


600 


4. 5 



CO 0 44] 

i^niOO. 5 0. 2 5. 1 5. 1 0 mm©^?lSj^f^ 

5, 2 8, i5%-c3feo;t. 2i3LT»rc^?iM)^?^#:^a? 



*&6;fce»S*2r::^r. 

[0 04 5] 
[^2] 







on 




±M:mm <Hz) 


6 




100 


30 


8 6 0 
0 


2 7 0 
1 0 0 


1 0 0 

2 5 0 


7 




50 


3 3 


12 0 0 
0 


4 00 
5 0 


1 9 0 
1 0 0 


8 




2 5 


25 


16 0 0 
0 


6 5 0 
1 5 


3 1 0 
40 


9 




1 5 


2 8 


2 0 0 0 
0 


5 3 0 
1 5 


1 1 0 
6 0 


1 0 




1 0 


1 5 


2 6 0 0 
0 


4 0 0 
2 0 


1 0 0 
55 



[0 0 4 6] :k\Z. ±^<Df^M^^'^m(D}^-^m\^^ 
jSI. OH3JiKW^*^3 0%«±T6 0%*M-C«>»5, ib^ 

[0 0 4 7] \^-^mwimz^n^^^mffi6 



[0 0 4 8] 

40 o. 2CD^J^#:^fflV>T»W^CF>^iS»iS#tt2:TI30 

® S»^SCJ1&2 5mm(cK^bfclR<?!>«^«^ll3&^ 
HIJM^«^^^^M^M^^b5IVi^M^^3 0%J[^± 
<^±#S:^r*&&0. 3 0 %*«<oa^Sr X i: Ufc, 

^igfSc»Ii3tt^®it^dt5 0%S:SA5^lCi^^^;^c£^^1 
iP*, fip-fe, ^aa^J^flccO^/P^ (2 5mm) ctW^ 
^^m<D»^t(OfQDi>^ I 0 0mmJ£Art<^)«'&^O. 1 

50 (3) ©TKaissoK^^d^sftsiajcit-tTi o^^igA 
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13 



14 



[0 0 4 9] ±ffil!8:Si:SfiXtt©ffMffia:&-&tj-arT*3 



[0 0 5 0] 
[S3] 







on 




JE3 






% 


2000 




0. 


O 


5. O 






1000 




0, 


O 


5. O 






750 


5. A 


0. 


O 


3. O 


o 


O 


500 


6 0, O 


1 0, O 


1 0. O 


250 


5 3. O 


5 0. 


O 


3, O 






125 


3 5, O 


7 5. 


o 


0. o 







[0 0 5 1] 

\z^^i3y7. wmomwi^ m<rz^ \zm^i^^^m»r^ 



[0 0 5 2] 
20 [^4] 





^^^^ 


mm 








% 


2000 




0. O 


6 0. X 


1000 




0. o 


5 0^ X 


750 


8. A 


0. O 


3 5. X 


500 


15. A 


Os O 


4 0. X 


250 


1 0. A 


1 0 0. X 


1 0, O 


125 


3, A 


2 0 0. X 


5. O 



X 



[0 0 5 3] 

[01] *»^<0^?LHS^f^#:(D»r®SKt*^Tm!KH 



2 
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(9) 
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2 



[02] 




(SDInt.Cl.^ a»JIB^ /TrtS31#^ FI a««^tt3f 

F 2 4 F 13/02 H 
// B 2 9K 105:04 

B2 9L 31:00 
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